We previously showed that while EGFR mutations are not a feature of pure squamous cell carcinomas of lung (SQC), these mutations do occur in adenosquamous carcinomas (AD-SQC) and in rare solid adenocarcinomas (ADC), both of which can mimic SQC in small samples. Here we present an expanded series of these cases with a focus on sensitivity to erlotinib. The study included 13 patients with EGFR mutant lung carcinomas, which after detailed pathologic review were classified as AD-SQC (n=11) or solid ADC (n=2). The majority received a diagnosis of "SQC" in at least one sample. All patients were treated with erlotinib. 8 of 11 patients with AD-SQC were evaluable for response. Their overall response rate was 88% (7/8; 95% CI: 47%-99%). One of 2 solid ADC patients responded to erlotinib. As a group, median PFS was 12 months (95% CI: 8-NR); median OS was 29 months (95% CI: 27-NR). In conclusion, EGFR mutant AD-SQC and solid ADC show a response to erlotinib that is comparable to that seen in patients with conventional ADC. These tumors can mimic SQC in small samples. We propose an approach to increase the capture of these rare histology patients for EGFR mutation testing.
Introduction
The sensitivity of a subset of non-small cell lung cancers (NSCLC) to EGFR tyrosine kinase inhibitors (TKIs) is firmly linked to the presence of activating EGFR mutations (1).
EGFR mutations occur almost exclusively in conventional adenocarcinomas of lung (ADC).
The majority of the data on TKI sensitivity is thus derived from mutations that arise in this histology, with radiographic response rates ranging from 55% to 91% and progression-free survival ranging from 7 to 13 months (1, 2).
In contrast to TKI sensitivity in conventional ADCs, TKI sensitivity in EGFR-mutant carcinomas of unusual histology is not well established. Recent data suggest that histology can modify the sensitivity of EGFR-mutant tumors to TKIs. For example, carcinomas with epithelial-mesenchymal transition and small cell carcinomas may be inherently TKI-resistant despite the presence of activating EGFR mutations (3) (4) (5) . The impact of other nonadenocarcinoma histologies, particularly squamous, on determining response to EGFR TKIs is not well established.
Whether EGFR mutations do arise in squamous cell carcinomas of the lung (SQC) is itself a controversial topic. While several large series of surgically-resected SQC tumors found no EGFR mutations (6, 7) , a number of reports, primarily from small biopsy/cytology samples, have found EGFR mutations in a small proportion of SQCs. We have recently shown that the two main settings in which clinical small biopsy/cytology samples with a diagnosis of SQC are found to harbor EGFR mutations include 1) undersampling of adenosquamous carcinoma (AD-SQC), and 2) morphologic mimicry by solid ADC (8) . We ourselves have found no EGFR mutations among 95 surgically-resected and pathologically-verified SQCs at our institution (8) . This suggests that when abundant primary tumor is available for rigorous pathologic evaluation, the low rate of EGFR mutations collapses.
Adenosquamous carcinoma is a rare type of lung cancer, representing 0.4-4% of NSCLCs, and consists of a mixture of both adeno and squamous components. EGFR mutations occur in AD-SQCs with a similar frequency as in ADC, and with a similar predilection for never-smokers. Notably, EGFR mutations are present in both the adeno and squamous components of these tumors (9) (10) (11) . The well-known diagnostic limitation inherent to small biopsy/cytology specimens is that such samples may contain only a single component. This may result in a detection of EGFR mutations in a sample diagnosed as "SQC".
The second, less common, explanation for the detection of EGFR mutations in SQC is an unusual morphologic variant of ADC marked by a solid growth pattern. This can closely mimic SQC (we termed this squamous-like variant of ADC "pseudosquamous" or "squamoid") (8) .
Despite a morphologic similarity to SQC, immunohistochemistry (IHC) can readily distinguish between these two histologies. Given the increasing utilization of IHC to characterize poorlydifferentiated NSCLCs, this morphologic mimic is unlikely to appear under the guise of "SQC" in the future.
In this study, we expanded on data from our initial series of EGFR-mutant carcinomas with squamous and pseudosquamous histologies. Because the sensitivity to EGFR TKIs in carcinomas with these unusual histologies is not established, we sought to retrospectively determine the response of these tumors to erlotinib. We identified 13 patients with EGFR-mutant NSCLCs that had a true squamous component (n=11) or solid/pseudosquamous ADC histology (n=2). Based on our recent study (8) , we refer to all EGFR-mutant samples that had a true squamous component (as confirmed by morphology and IHC) as representative of AD-SQC, irrespective of whether a glandular component could (n=9) or could not (n=2) be found on pathologic re-review. All pathologic samples were re-reviewed by two thoracic pathologists (NR, ALM) using light microscopy and IHC, as described in our recent publication (8) . All patients were diagnosed with recurrent or metastatic disease and treated with erlotinib. Where available, baseline and follow-up CT scans were reviewed to determine radiographic response to erlotinib as per RECIST 1.1. The study was approved by the MSKCC Institutional Review Board.
Material and Methods

Study
Genotype Analysis
Briefly, EGFR exon 19 deletions were identified through a PCR-based assay (12) . EGFR exon 21 mutations, including secondary T790M mutations, as well as mutations in AKT1, BRAF, ERBB2, KRAS, MEK1, NRAS, and PIK3CA were assayed by Sequenom (Sequenom, Inc., San Diego, CA), as described previously (8) .
Statistical Analysis
Progression-free survival (PFS) was measured from the date at which treatment with erlotinib began to the date at which there was evidence of radiographic progression. Overall survival (OS) was measured from the date of diagnosis of stage IV disease until the date of death. Survival probabilities were calculated using the Kaplan-Meier method. Group comparison was performed with log-rank tests and Cox proportional hazards methods. Statistical analyses were performed using SAS statistical software (SAS Institute, Inc, Cary, NC).
Results
Patient and tumor characteristics
Clinicopathologic characteristics for the 11 patients with EGFR-mutant AD-SQC are summarized in Table 1 . Details of the pathologic review of samples from patients 1 through 7 are provided in our recent publication (corresponding patient IDs are indicated in Table 1 ) (8) .
An analogous pathologic review was performed for patients newly identified in this series (patients [8] [9] [10] [11] . Overall, 9 of 11 patients had at least one sample with a pathologic diagnosis of SQC, highlighting the difficulty in the diagnosis of AD-SQC in small samples. Clinicopathologic characteristics for the 2 patients with solid/pseudosquamous ADC are summarized in Table 2; their detailed morphologic and IHC characteristics are described in reference (8) . Eleven of 13 (85%) patients in the cohort were never smokers.
EGFR mutation status
As shown in Tables 1 and 2 Of note, 3 samples in this series (from patients 1, 2 and 3) were biopsies taken at the time of acquired resistance (AR) to erlotinib. Two of the AR samples were entirely squamous (patients 1 and 2) and one was adenosquamous (patient 3). Notably, a squamous histology was also present in 2 of 3 pre-treatment biopsies (patients 1, 3) . None of the 3 AR samples harbored a secondary T790M mutation, while the original sensitizing EGFR mutation was detected in all 3 samples.
Response to erlotinib
Of the 11 patients with AD-SQC, 8 were evaluable for response. Their overall response rate (ORR) was 88% (7/8 partial responses; 95% CI: 47%-99%). One of 8 patients had stable We recently demonstrated that EGFR-mutant SQCs of lung usually represent undersampled AD-SQC or, less commonly, a solid variant of ADC (8) . Here we expand on this observation, and show that these unusual tumors have an overall sensitivity to erlotinib that is similar to that seen in patients with conventional ADCs.
Prior reports on the sensitivity of EGFR-mutant carcinomas with squamous histology (which our study suggests represent, in the majority of cases, undersampled AD-SQC) to EGFR TKIs include only several small case series. Based on a pooled analysis of 15 publications, Shukuya et al. (13) suggested that SQCs with sensitizing EGFR mutations have a diminished sensitivity to EGFR TKIs, with an ORR of 38% (n=16 patients) and median PFS of 3.1 months (n=10 patients). In addition, several studies have described TKI responses in SQCs that harbor atypical or complex EGFR mutations -mutations which are thought to have no or uncertain TKI sensitizing potential (13) , and SQCs lacking EGFR mutations (14, 15) , suggesting that TKI responses in some SQCs may be related to factors other than activating EGFR mutations.
Our study is the largest single series to report on the response to erlotinib in patients with sensitizing EGFR mutations in NSCLCs with a squamous component. In contrast to the lower response seen in aggregate from prior studies, we found that these patients have an ORR of 88% and a median PFS of 12 months. Responses appeared to be uniform in almost all cases. We do note that one patient (Patient 4) in our series had a divergent radiographic response to erlotinib, with what appeared to be primary resistance at a sacral lesion that was histologically-confirmed as squamous carcinoma. This series also included 3 patients who had a squamous component in samples obtained at the time of AR to erlotinib. Unlike cases of small cell and epithelial-mesenchymal transformation, there have been no reports correlating squamous histology with the development 9 of AR to EGFR TKIs (3, 4) . Notably, in 2 of 3 of our patients, a squamous component was also present in a pre-treatment sample, suggesting that the squamous histology seen at the time of AR is more likely a manifestation of the patient's underlying AD-SQC than a result of histologic transformation. Selection for the squamous component of the underlying AD-SQC remains a possibility which we cannot exclude, however, particularly given the absence of the most common mechanism of resistance (T790M) in all 3 AR samples with squamous histology.
Given the clinical benefit demonstrated herein, an important practical question is how best to capture these rare unusual-histology patients for EGFR mutation testing. As a first step, we recommend using strict morphologic criteria and, if needed, widely-advocated IHC markers to establish a diagnosis of SQC and to exclude solid/pseudosquamous ADC (8, 16, 17) . Cases found to represent solid ADC should be tested for EGFR mutations and treated with TKI based on the responses demonstrated herein. For pathologically-verified SQC in primary resections (where the likelihood of undersampled AD-SQC is low), we do not advocate routine EGFR testing, which is supported by the lack of EGFR mutations in such samples in prior studies (6, 7) .
In small biopsy samples, however, neither morphology nor IHC can surmount the problem of incomplete sampling of an underlying AD-SQC, where the glandular component may simply not be represented. While analysis of multiple small samples (as in this retrospective series) increases the likelihood of detecting both components, it does not guarantee it. Thus, in a prospective setting, it may be impossible to distinguish pure SQC from a component of AD-SQC in a single (or several) small samples. Given this inherent limitation, the only way to ensure capture of all EGFR mutations would be to test all small samples with a diagnosis of SQC. This is unlikely to be cost-effective, given the low prevalence of AD-SQC relative to pure SQC. As almost all cases in this series were referred for EGFR mutation testing based on the atypical 
presentation of SQC in a never smoker, we believe that this single clinical factor, which heralds a higher likelihood of finding an underlying AD-SQC than true SQC (based on the low incidence of never smokers with pure SQC seen in our prior series) (8) , can be used to guide whether or not these patients should undergo testing . This recommendation stems in part from a prioritization of resources, which may be obviated in the future with the introduction of routine multiplex genotyping of lung SQCs (18) . 
